The complex index of refraction of aqueous methanesulfonic acid ͑MSA͒ at room temperature and at concentrations of 1-70 wt. % is presented. The complex index of refraction is obtained in the entire wave-number region from the mid infrared to the ultraviolet-visible regions. An analysis of the infrared spectra reveals a single absorption band, which makes it possible to identify MSA in aqueous H 2 SO 4 . The surface tension of 1-99-wt. % aqueous MSA from room temperature to ϳ263 K, depending on the concentration of MSA, is reported. A polynomial parameterization of the surface tension in terms of acid weight fraction and temperature is presented.
Introduction
The physical and chemical properties of the atmosphere are affected by the presence of aerosols, and formation of new aerosols has a significant direct effect on the radiative balance by scattering and absorption of solar and thermal radiation. In addition, aerosols act as sites for heterogeneous and multiphase chemistry and are essential in the transformation of atmospheric trace compounds. The total effect of atmospheric aerosols is associated with many uncertainties. 1 Satellite observations and ground-based optical scattering techniques are the major sources of information for understanding of the effects and the characteristics of tropospheric aerosols, such as optical depth, single-scattering albedo, and size. [2] [3] [4] [5] [6] The complex index of refraction, Ñ ͑͒ ϭ n͑͒ Ϫ ik͑͒, of the aerosol materials is a necessary parameter in the retrieval and interpretation of remote-sensing data 2,3,5,7-9 as well as in modeling studies of the radiative effects of aerosols. 10 -13 The optical constants ͓refractive index n͑͒ and imaginary refractive index k͔͑͒ are fundamental parameters in the computation of atmospheric extinction coefficient, singlescattering albedo, and optical depth. Hence the optical constants are also fundamental parameters in laboratory studies in which simplified aerosol systems are investigated by optical techniques.
In the marine boundary layer the sulfur cycle dominates gas-to-particle conversion and thus the production and growth of aerosols. The most frequent sulfur components in the particulate phase are aqueous sulfuric acid, HSO 4 Ϫ ͞SO 4
2Ϫ
, and methanesulfonic acid ͑CH 3 SO 2 OH; MSA͒. 14, 15 The main source of tropospheric MSA is believed to be dimethyl sulfide ͑DMS͒ which is the dominant biogenic sulfur gas emitted to the atmosphere from seawater. [15] [16] [17] [18] [19] Once it is emitted to the atmosphere DMS is oxidized by OH during the daytime in two ways, by H abstraction and by addition. Among the more stable products of this emission we find SO 2 and MSA. 20 -22 The concentration of DMS is controlled by several factors, such as wind speed and algae bloom; Kouvarakis and Mihalopoulos 16 reported a positive correlation between the sea's surface temperature and the DMS concentrations. Recently, measurements of gas emissions from bush fires in Australia's Northern Territory evidenced high mixing ratios of DMS and dimethyl disulfide. Like DMS, dimethyl disulfide is oxidized in the atmosphere into MSA and SO 2 . 23 These types of emission can therefore be a source of MSA far from the marine environment.
MSA is found predominantly in the particulate phase because of its low vapor pressure, 24 and it is observed in aerosols in both polar and warmer regions. 16, 19, [25] [26] [27] [28] Globally the concentration of MSA is low, but locally, in the marine boundary layer, it may influence the growth of particles and the multiphase chemistry. 27 Field campaigns in the Finnish Arctic evidenced a wide size distribution of MSAcontaining aerosols; the compound has been found in the Aitken mode below 0.1 m ͑3-10% of the total MSA mass͒, in the accumulation mode centered at 0.4 m ͑70 -90%͒, and in two supermicrometer modes, at 2-3 m ͑5-15%͒ and 7-10 m ͑1-10%͒. This distribution indicates the possibility of several routes to gas-to-particle conversion for MSA. In the Aitken mode the ratio of MSA to non-sea-salt SO 4 2Ϫ is the highest, 0.34, and Kerminen et al. 27 have suggested that the high MSA͞non-sea-salt SO 4 2Ϫ ratio implies that MSA may have an effect on nuclei growth that is almost similar to that of sulfuric acid. More-recent measurements in the same region confirm that most of the mass is located in the submicrometer fraction. 29 -31 Another field campaign, in the eastern Mediterranean, has reported relatively high concentrations of MSA in the particulate phase, i.e., 32.1 ng m Ϫ3 during the summertime, and a size distribution with a maximum centered at 0.26 m, which is similar to that observed for sulfate. 32 Despite the field measurements, which indicate the presence of MSA also in fine particles, the nucleation theory predicts that MSA will be unlikely to participate in binary particle formation under conditions typical of the marine boundary layer. [33] [34] [35] [36] The role of MSA in atmospheric aerosols is still uncertain, and important parameters such as the optical constants and the surface tension in the temperature range that is typical of the marine boundary layer are not available. We present what to our knowledge are the first data on the optical constants of aqueous MSA ͑1, 10, 16, 20, and 70 wt. %͒ at room temperature. The complex index of refraction is reported in the entire wave-number region from the mid infrared to the ultraviolet, 400 -36 350 cm Ϫ1 ͑25 000 -275 nm͒.
The actual aerosol composition depends on the local partial water-vapor pressure and the temperature but in addition also on density, surface tension, and particle size through the Kelvin equation. 37 The density of aqueous MSA at 298, 303, and 308 K was published by Teng and Lenzi, 38 and the measured densities are available from the journal on request, but surface-tension data are scarce. 36, 39 We present surface tension data on the MSA-H 2 O system from room temperature to ϳ263 K at several concentrations of MSA ͑1, 5, 10, 25, 50, 70, and 99 wt. %͒, and we compare our room-temperature results with the data found in the literature. 36,39
Experiment

A. Samples
The water that we used in preparing all the solutions was ion exchanged and doubly distilled; MSA was obtained from Aldrich Chemical Company ͑purity, Ͼ99.5%͒. The concentrations of the solutions were determined by titration.
B. Complex Index of Refraction in the Infrared Region
The experimental method and calculation procedure applied in the infrared region were described in detail previously, 40 and only the main steps are reported here. Specular reflectance spectra at near-normal incidence were obtained with a Perkin-Elmer System 2000 Fourier-transform infrared spectrometer in the region 6700 -400 cm Ϫ1 . The spectrometer was equipped with a room-temperature deuterated triglycine sulfate ͑DTGS͒ detector, and the spectra were obtained at a nominal resolution of 4 cm Ϫ1 by averaging over 64 scans. Far-infrared spectra ͑700 -20 cm Ϫ1 ͒ were obtained with a Bruker IFS HR120 instrument equipped with DTGS and He bolometer detectors. Near-infrared spectra were recorded with a Perkin-Elmer Spectrum IdentiCheck Fourier transform near-infrared system, also with a room-temperature DTGS detector and, as in the mid-infrared region, the spectral results from an average of 64 scans at a nominal resolution of 4 cm Ϫ1 . A simple modification of the optical beam path in a standard specular reflection unit allowed the surface of the sample support to be oriented horizontally, which made liquid-surface studies feasible.
The experimental specular reflectance spectra, R͑͒, were obtained as a ratio of two single-beam spectra, I͑͒ and I 0 ͑͒, where I͑͒ is the intensity of the radiant flux reflected from the sample surface and I 0 ͑͒ is the intensity of the radiant flux reflected from blank aluminized or gold-plated mirrors, which exhibits constant reflectivity close to unity over the infrared region under investigation. The complex index of refraction was derived by Kramers-Kronig analysis of the specular reflectance spectra, R͑͒, at near-normal incidence. For perpendicular incidence of light the boundary conditions give the Fresnel relation
where Ñ ͑͒ is the complex index of refraction. The change of phase between the incident and the reflected beams, ͑͒, may be obtained by use of the Kramers-Kronig transformation
in which the integral is a Cauchy principal-value integral, and which enables one to calculate both n͑͒ and k͑͒ from R͑͒:
k͑͒ ϭ
The algorithm used in the present study is integrated in the Perkin-Elmer Fourier-transform spec-trometer software. 41 The algorithm assumes that the spectral cutoff must fall within a moderately flat unstructured region. In the low-wave-number region this requirement is not strictly fulfilled, and this lacuna can lead to large errors in the derived refractive and imaginary refractive indices. 40 To prevent this type of error it is necessary to include the specular reflectance spectrum of the far-infrared region before the Kramers-Kronig transformation.
Based on the previous examination of the applied method 40 we estimate the relative uncertainty in our results to be within 2% for the refractive index and 3% for the imaginary refractive index: The uncertainties are determined mainly by the precision of the experimental specular reflectance spectrum. For the 70-wt. % solution the uncertainty is somewhat higher, as we have extrapolated its far-infrared spectrum from those of the 0.9-, 9.6-, 16.5-, and 20.2-wt. % samples. Nevertheless, the relative uncertainty is still believed to be better than 5% in the refractive index and 7% in the imaginary refractive index at 1000 cm
Ϫ1
.
C. Imaginary Part of the Refractive Index in the Ultraviolet-Visible Region
The spectra in the ultraviolet-visible ͑UV-VIS͒ region were measured with an Agilent 8454E photodiode array spectrophotometer. The spectra were recorded in the wavelength range 36 350 -9100 cm Ϫ1 ͑275-1100 nm, with a resolution of 1 nm͒. The integration time was set to 0.5 s. A different method was applied to yield the imaginary refractive index, k͑͒, in this wavelength region. The expression for k͑͒, derived from the Beer-Lambert law, is
where is the wave number, d is the optical path length through the sample, and A͑͒ is the dimensionless absorbance, expressed as Ϫlog͑I͞I 0 ͒, that is, the ratio of the monochromatic radiant power transmitted through the sample to that which is incident upon the sample. The true absorbance cannot be measured directly because the solution to be studied is enclosed by cell windows. Reflection and scattering losses can, and will, occur at the various interfaces of the cell. To compensate for these losses the common procedure in UV-VIS spectroscopy is to use a cell that contains only the solute and use this spectrum as I 0 ͑͒. In the present case this is not an appropriate method as the solvent ͑water͒ is an integral part of the sample and is important to the atmospheric application of the results. Instead we employed another method in which four cells with closely matching windows but with different path lengths were used. We could then use the following relation, assuming that the scattering losses inside the sample could be neglected:
where Rfl͑͒ is the reflection loss, S i ͑͒ is the experimental spectrum, AЈ͑͒ is the absorbance per unit path length, and d i is the corresponding path length of the cell, which in the present study was 1.0, 2.0, 5.0, and 10.0 mm. The absorbance spectrum corrected for the reflection losses, A͑͒, was then obtained by a least-squares calculation, and this spectrum was in turn used in Eq. ͑1͒ to derive the imaginary refractive index, k͑͒. We note that the reflection loss was small for all the samples studied; see below.
We investigated the uncertainty in the imaginary refractive index in the UV-VIS wavelength region by performing a critical examination of the experimental as well as the calculation procedures. In addition we tested the method by comparison of its results with literature data on imaginary refractive indices of known components. The photometric noise in our instrument is better than 0.0002 absorbance units, which yields a relative uncertainty below 1% when the imaginary refractive index is higher than 5.0 ϫ 10
Ϫ7
; however, in the nonabsorbing region the uncertainty increases. In the very weak absorbing region 33 300 -36 350 cm Ϫ1 ͑300 -275 nm͒ the photometric noise results in a relative uncertainty of approximately 10%. The uncertainties in the path lengths of the cells are Ϯ0.01 mm, resulting in an uncertainty in imaginary refractive index of ϳ1%. The uncertainty in the concentrations is less than 1%.
Critical points in the analysis are the assumptions that the scattering losses inside the sample can be neglected and that it is only the reflection losses at the windows that contribute to Rfl͑͒ in Eq. ͑2͒. These assumptions imply also that the surfaces of all the cells have to be identical. The cells are made from Spectrosil far-ultraviolet quartz with a usable range of 58 800 -3700 cm Ϫ1 ͑170 -2700 nm͒. All the cells have the same match code, which ensures that all the cells are made from exactly the same material with the same transmission specifications. The focus of concern is then limited to possible impurities in the windows, which could influence the results significantly. In the results presented here, the internal consistency within independent measurements with each cell is better than 10% of the reflection loss, Rfl͑͒. Further, the variations in the Rfl͑͒ spectra demonstrate that it is only the scattering losses at the walls that contribute to Rfl͑͒. This conclusion is based on the observation that a change neither in the chemical component nor in the concentration influences the Rfl͑͒ spectra significantly, as illustrated in Fig. 1 , which shows the Rfl͑͒ spectra of 20.2-and 9.6-wt. % MSA and of water.
Based on this examination we estimate that the relative uncertainty in the reported imaginary refractive index is less than 5% in regions with values higher than 2.0 ϫ 10 Ϫ7 and approximately 10% for the weak band in the region 33 300 -36 350 cm Ϫ1 ͑300 -275 nm͒.
We tested our method by comparison with literature data of imaginary refractive index. Figure 2 shows the imaginary refractive index of water taken from Bertie and Lan 42 together with data from the present study. Our data results from an average of five spectra and the 1 standard deviation are included in the figure. The agreement with the data of Bertie and Lan 42 is quite satisfactory: The difference is less than our standard deviation in the region 15 015-9100 cm Ϫ1 ͑666 -1100 nm͒, which is the lower wavelength range of the Bertie-Lan data set. The bottom of the figure shows the absolute difference between the data sets. We also compared our results obtained for 25-wt. % aqueous ͑NH 4 ͒ 2 SO 4 and 48-wt. % aqueous H 2 SO 4 with data from Gosse et al. 43 and obtain the same sort of agreement for these samples. The differences are less than 10% in nonabsorbing regions and less than 2% in the absorbing regions.
D. Refractive-Index Measurements and Calculation Procedure
The refractive index of the aqueous MSA was measured at ϭ 15 798 cm Ϫ1 ͑ ϭ 632.8 nm͒ by a He-Ne
The refractive index at each concentration results from an average of six individual measurements, all with standard deviations of less than 2 ϫ 10
Ϫ4
. The estimated absolute error ͑1 ͒ of approximately 0.15% is based on the instrument's ability to reproduce literature values at the relevant wavelength and temperature.
The wavelength-dependent refractive index, n͑͒, was determined from the imaginary refractive index, k͑͒, by the Kramers-Kronig relation as described by Ohta and Ishida 44 and by Bertie and Zhang 45 with the measured index of refraction at ϭ 15798 cm Ϫ1 used as an anchor point. Based on the error analysis of k͑͒ we estimate the uncertainty in n͑͒ to be of the same order.
E. Surface-Tension Measurements
Measurements of the surface tension of the water-MSA system were made by the De Noü y method. 46 The apparatus consisted of a De Noü y tensiometer ͑Krü ss GmbH, Hamburg; instrument K6, type 90331͒, a platinum-iridium ring, and a glass vessel to contain the solutions.
During the measurements a platinum ring was pulled through the liquid-air interface and the maximum downward force directed to the ring was measured. The surface tension was determined by
where P is the detachment force and F is a dimensionless correction factor determined experimentally. 47, 48 The temperature was controlled to within Ϯ0.5 K by a regulated stream of cold nitrogen through a double-walled beaker containing the acidic solutions. The value of the surface tension reported for each concentration and temperature is an averaged value obtained from a series of 12 to 65 measurements. It turned out to be important to clean the platinum ring between measurements to prevent contamination. After four or five consecutive measurements the values decreased markedly, and this decrease continued with measurement time. However, after the ring was cleaned the measured value was again the same as the initial value.
We tested the instrument before every series of measurements, using water as the standard. Our result for water was 72.49 Ϯ 0.82 mN m Ϫ1 at 295 K, which falls close to the literature value of 72.75 mN m Ϫ1 at 293 K. 49 The quoted errors in our data are based up 0.3% relative error from the instrumentation, 0.5 K from temperature-controlling system, 0.3% from the acid mass fraction, and 0.3% from standard deviation. The estimated errors in our data therefore range from 1% to 1.5%. Fig. 1 . Reflection loss at the cell walls, Rfl͑͒, of 20.2-and 9.6-wt. % MSA and water. Fig. 2 . Top, imaginary refractive index of water in the UV-VIS region. Data are averages of seven data sets, and the standard deviation is included. Bottom, absolute difference between our data and the water data of Bertie and Lan. 42 
Results and Discussion
MSA ͑CH 3 SO 2 OH͒, is a relatively strong acid, and in the aqueous phase it is supposed to exist in equilibrium with CH 3 SO 2 O Ϫ and H 3 O ϩ . The degree of dissociation, ␣, was determined by visible spectroscopy, 50 by NMR, 51, 52 and by Raman spectroscopic measurements 53 at 25°C. Later NMR and Raman results are in agreement, and the degree of dissociation can conveniently, and quite accurately, be approximated by a simple polynomial in the region of acid weight fraction w from 0 to 0.9:
A. Optical Constants in the Infrared Region 10 000 -400 cm Ϫ1 ͑1000 -25 000 nm͒
The optical constants of 20.2-wt. % aqueous MSA in the mid-and near-infrared regions are presented in Fig. 3 ; the Bertie-Lan 42 water data are included for comparison. In addition to the distinct bands in the 1500 -1000-cm Ϫ1 region and a band at ϳ550 cm Ϫ1 , differences are also apparent in the broad OH region near 3400 cm
Ϫ1
. The refractive index of aqueous MSA is nearly constant above 5700 cm
, and its value is slightly higher than that of water in this region ͑1.36 and 1.31, respectively͒ at 7000 cm Ϫ1 . Figure 4 shows the variation in the optical constants in the 1600 -400 cm Ϫ1 region for the solutions investigated. The band intensities vary almost linearly with the acid concentration for the 1-20-wt. % solution, whereas the 70-wt. % imaginary refractive index is lower than predicted from such a linear relationship: obviously a result of the reduced degree of dissociation with increasing concentration.
A comparison of the present imaginary refractiveindex spectra with data from previous Raman spectroscopic studies of MSA and alkali methanesulfonates 54, 55 and from infrared studies of liquid MSA 54,56 -58 and alkali methanesulfonates 54, 58, 59 shows several bands that can be attributed to the aqueous methanesulfonate ion, CH 3 SO 3 Ϫ . In particular, the imaginary refractive-index spectra show distinct bands, centered at 557 and 1048 cm
, which are present only in aqueous MSA and not in the pure liquid. 56, 57 B. Comparison of Aqueous MSA and Aqueous H 2 SO 4 Sulfuric acid and MSA are both expected to be present in marine aerosol, and it is of interest to find individual spectroscopic markers for retrieval of chemical composition from remote-sensing data. In the H 2 SO 4 -H 2 O system the band intensities depend on the partitioning between the species SO 4 2Ϫ and 
HSO 4
Ϫ1 governed by the second dissociation reaction. 40 As expected, the vibrational spectrum of MSA has similarities to that of aqueous H 2 SO 4 , but generally the bands are narrower in the spectra of MSA. The lesser hydrogen bonding to MSA may explain this phenomenon. Figure 5 shows the optical constants of 20.2-wt. % MSA compared with those of 30-wt. % H 2 SO 4 . 40 The spectra are quite similar; however there are some important differences. A comparison of the imaginary refractive indices of aqueous MSA and H 2 SO 4 shows that the bands centered at 557, 782, 1333, and 1420 cm Ϫ1 are observed exclusively in aqueous MSA. The strong MSA band at 1048 cm Ϫ1 coincides with a strong HSO 4 Ϫ band in aqueous H 2 SO 4 .
Based on the analysis of the imaginary refractive index of MSA in the infrared region and on comparisons with data from previously published spectroscopic studies of MSA, 56, 57 we identified the band centered at 557 cm Ϫ1 as a unique infrared absorption band of the CH 3 SO 3 Ϫ ion that is observed neither in the gas-or liquid-phase MSA nor in aqueous or liquid H 2 SO 4 . The band centered at 557 cm Ϫ1 is narrow, and we did not observe any displacement in the position as the concentration changed.
C. Complex Index of Refraction in the Region 36350 -9100 cm Ϫ1 ͑275-1100 nm͒ Figure 6 presents the imaginary refractive index of aqueous MSA in the UV-VIS region. Results for 0.9, 9.6, 16.5, and 20.2 wt. % are shown, with the Bertie-Lan 41 water data included for comparison. The figure demonstrates that the imaginary refractive index in the UV-VIS region is small and is completely dominated by the water spectrum. The only significant difference in the imaginary refractive indices of pure water and of aqueous MSA lies in the intensity of the water band near 10204 cm Ϫ1 ͑980 nm͒. The imaginary refractive index of pure water is approximately 15% higher than the 20.2-wt. % MSA in this wavelength region. An analysis of this band reveals that the imaginary refractive index is essentially proportional to the water content per unit volume. In the region above 33 300 cm Ϫ1 ͑300 nm͒ there is a very weak band, with a maximum of 9.63 ϫ 10 Ϫ8 at 36350 cm Ϫ1 ͑275 nm͒ in the imaginary refractive index. The origin of this band is not clear: quantum chemical calculations, CIS͞cc-pVDZ [(configuration interaction with single excitation)/ (Dunning's correlation consistent double zeta basis set)], 60 indicate that neither MSA nor CH 3 SO 3 Ϫ should have electronic transitions below 50 000 cm Ϫ1 ͑200 nm͒. We also compared the imaginary refractive index of aqueous MSA with that of aqueous H 2 SO 4 . Gosse et al. 43 published an imaginary refractive index of 10-wt. % H 2 SO 4 , and we compared that spectrum with our results for 9.6% MSA. The spectra are essentially identical. Table 1 lists the refractive indices for several concentrations of MSA measured at 15797.99 cm
Ϫ1
. These results were subsequently used as anchor points in the calculation of refractive indices in the wavelength range 36350 -400 cm Ϫ1 by use of the Kramers-Kronig relation as described by Ohta and Ishida 44 and Bertie and Zhang. 45 The results demonstrate that the refractive index has a slight monotonic increase through the UV-VIS region and a small dependence on concentration; the refractive in- 
D. Surface Tension
The surface-tension data obtained for a number of aqueous MSA solutions as a function of temperature are collected in Table 2 , whereas Fig. 7 compares our room-temperature data with results from previous studies. 36, 39 Allen et al. 39 used a Whilhelmy plate to measure the surface tension ͑this method is based on the same principle as the platinum ring method applied in the present study͒. Their data were published exclusively in a figure without additional comments, and we have therefore digitized that figure and extracted their data for the present comparison. There is satisfactory agreement between the data sets at low acid weight fractions. As can be seen from Fig. 7 , the data of Hoppel 36 are systematically lower than all later data. Unfortunately there is no description or discussion of the experimental procedure that was applied, and it is therefore futile to speculate on the origin of those data.
The present data set was augmented by the data of Allen et al. 39 and fitted to a polynomial function of the form
where ␥͑w, T͒ is the surface tension, w is the acid weight fraction, and T is the temperature in degrees Kelvin. The ␥ o, j coefficients were determined from the data of pure water 49 and were subsequently constrained during the global fit. The parameters of the final fit ͑rms error, 0.5 mN m Ϫ1 ͒ are collected in Table 3 . The surface-tension model is well behaved Fig. 7 . Comparison of the surface tension values from this study, from Allen et al., 39 and from Hoppel 36 at room temperature. in all the relevant ͑w, T͒ space but should not be used outside the limits of the data set.
In Fig. 8 we compare the surface tension of aqueous MSA with that of aqueous H 2 SO 4 at room temperature. 62 The dramatic difference between the surface tensions of aqueous MSA and aqueous H 2 SO 4 is explained by the difference in the ionic components that are present and the equilibrium shifts in the two systems. The discriminating factor is the one-step dissociation of MSA and the two-step dissociation in aqueous H 2 SO 4 . Young and Grinstead 63 studied the surface tension of aqueous H 2 SO 4 solutions, and they interpreted the measured surface tension in terms of the pure components H 2 SO 4 , aqueous HSO 4 Ϫ , and aqueous SO 4 2Ϫ in the system.
Conclusions and Summary
To the authors' knowledge this is the first presentation of measurements of the complex index of refraction and the surface tension below room temperature of aqueous methanesulfonic acid. We have presented data for the real and imaginary refractive indices in the wave-number region 36 350 -400 cm Ϫ1 ͑275-25 000 nm͒. The complete set of spectroscopic data is available as electronic supplementary information. 64 The optical constants in the infrared region are distinctly different from those of sulfuric acid. A comparison of the derived imaginary refractive index with reported infrared studies of MSA resulted in the identification of an infrared band at 557 cm Ϫ1 that makes it possible to identify MSA in aerosols that also contain H 2 SO 4 .
The imaginary refractive index in the UV-VIS region is virtually identical to that of water. Minor differences were observed near 10 204 cm Ϫ1 ͑980 nm͒: The intensity of this band is proportional to the water content per unit volume. In addition, a very weak band was observed at 36 350 -33 300 cm Ϫ1 ͑275-300 nm͒. The refractive index is approximately constant in this region; however, a small concentration dependence is evident. The observed differences between the complex indices of refraction of water and MSA were small with respect to a possible reduction of the single-scattering albedo of aerosols that contain only MSA-water. The results from this study demonstrate that aqueous MSA and aqueous H 2 SO 4 have essentially identical complex refractive indices in the UV-VIS region and that consequently the optical contribution of MSA to the single-scattering albedo can be treated as aqueous H 2 SO 4 in the UV-VIS region and to a good approximation as water. 
